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HOME GREENHOUSES 
For Year-Round Gardening Pleasure 
I F YOU LIKE TO GARDEN, A SMALL GREENHOUSE CAN PROVIDE YOU WITH a hobby that you will enjoy throughout the year. During your leisure 
hours you can grow many kinds of flowers, ornamental plants, and 
fresh vegetables, and you can start plants for your outdoor garden. A 
hobby greenhouse can be a good investment for many future hours of 
gardening enjoyment. 
Various types of greenhouses are available to suit the needs, loca-
tion, and budget of the home gardener. For the handyman, prefabricated 
glass or plastic greenhouses can provide do-it-yourself satisfaction 
and can also reduce initial cost. Before building a home greenhouse, 
you should carefully select a suitable location and an attractive struc-
ture designed to suit your needs. Also, you must take into account the 
problems of maintenance, and must provide for working space, as well 
as proper ventilation and heating. 
Location 
The greenhouse should be located where it gets maximum sunlight, 
especially in the morning but preferably all day. When located near 
or attached to other buildings, a southern exposure is best for maximum 
light during the winter months. If trees, buildings, or layout of the 
property interfere, an eastern or better yet, a southeastern exposure is 
suitable. Remember that tall trees or buildings -even those SO feet 
or more away- can shade during winter when the sun is low over the 
horizon. Near by deciduous trees to the west, on the other hand, may 
actually reduce intense afternoon sunlight during the summer, yet admit 
light during the winter. 
After choosing a sunny location, the next important considerations 
are appearance and convenience. Select a greenhouse structure that is 
neat and attractive. Either a free-standing greenhouse or one attached 
to a building can be made an integral part of the lawn and garden by 
proper landscaping. When feasible, it is advantageous to attach the 
greenhouse to the house or garage for convenient access during in-
clement weather. If the greenhouse is located at some distance from 
the house, a stone or permanent concrete walk would be desirable. 
Convenient sources of water, fuel for heating, and electricity will 
reduce building costs. Lighting is desirable and will enable you to 
spend many enjoyable hours in the greenhouse during cold winter 
nights. Select a well-drained location and, if necessary, add soil fill so 
that rain water will drain away from the greenhouse. 
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Designs 
Greenhouses are available in many sizes, styles, and shapes. The 
choice of design will be influenced by the location, size needed, and 
future plans. Cost may also be a factor. 
Window Greenhouses 
Small "window greenhouses," which might be better described as 
enclosed glass window boxes, are sometimes attached to the outside 
of a window on the south or east side of the house. These window 
greenhouses will allow space for conveniently growing a few more 
plants in a given window at relatively low cost. However, because 
these units are usually quite small , plants quickly become crowded and 
control of heating and ventilation is difficult. Also, in extremely cold 
weather, plants near the glass may be injured. Low-growing plants 
such as African violets, which do well at room temperatures, can be 
grown nicely in window greenhouses which are fitted with shelves to 
provide more growing space. 
Small ready-made "window greenhouses" are available for standard windows. 
These units can be custom-built for special locations. 
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A lean-to greenhouse with a slanted side and straight eave. Glass-to-ground 
construction provides extra growing space under the benches, which in this 
greenhouse are redwood. 
A small even-span glass greenhouse with straight sides and curved eaves. 
Corrugated fiberglass panels are installed on the outside for shading. Even-
span greenhouses may be attached, as shown here, or free-standing. 
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can be opened, depending on the direction of prevailing winds. This is 
important during cold weather when the vents away from the wind can 
be opened to prevent drafts of cold air from coming in directly on the 
plants. One end of an even-span greenhouse can be attached to a build-
ing and may be built over a door from the home. In such a case, it is 
also advisable to include a door in the opposite end of the greenhouse 
for access directly to the yard and garden. 
Size 
The size of the greenhouse is influenced by the space available, 
location, intended use, unit sizes available, and cost. Plan for adequate 
work bench space, storage space, and room for additional plants as 
interest increases. It's often surprising how fast plants in a greenhouse 
can become crowded! Large greenhouses are easier to manage because 
temperatures in small greenhouses fluctuate more rapidly. Suggested 
minimum sizes would probably be 5 or 6 feet x 10 feet for lean-to 
greenhouses and 8 or 10 feet x 12 feet for even-span greenhouses. 
Many manufacturers offer unit construction which permits future 
additions to the greenhouse. 
Types of Construction 
Greenhouses can be covered with glass, rigid fiberglass, or pliable 
film plastics. The supporting framework may be made of wood, iron, 
galvanized pipe, or aluminum. Each type of construction has certain 
advantages and disadvantages, depending on individual requirements. 
Glass 
Two distinct advantages of modern glass greenhouses are pleasing 
appearance and a high degree of permanency. New all-aluminum and 
glass greenhouses are practically free of maintenance worry. Glass 
greenhouses are available in many designs to blend with almost any 
style of architecture. Custom-built greenhouses may be designed and 
constructed by a greenhouse manufacturing company for special situa-
tions and purposes. Glass greenhouses may have slanted sides, straight 
sides and eaves, or curved eaves. Slanted sides improve the proportions 
of small greenhouses and may admit more light during the winter. 
However, sides slanted to an extreme will prevent growing of tall 
plants near the side walls because of the low headroom. Aluminum 
curved-eave greenhouses have very pleasing lines and are designed for 
maximum light. 
For the do-it-yourself gardener, small prefabricated glass green-
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An A-frame glass-to-ground redwood frame greenhouse. The combined use 
of fiberglass and large wood-slat wings for shading make this an attractive 
modern design. 
houses are available from many greenhouse companies. ( See Table 1. ) 
Such units are usually sold in sections with various combinations ~f 
accessories. It is advantageous to select a rust-proof superstructure. 
It should also be remembered that commercial greenhouses are designed 
by competent engineers who give due consideration to structural 
strength, maximum light, and correct roof pitch for moisture runoff. 
Also, most roof bars or rafters, whether cypress, redwood, or alumi-
num, have drip grooves to carry off condensation which would other-
wise drip on the plants. 
Fiberglass 
Rigid fiberglass plastics are becoming popular for greenhouse con-
struction. Fiberglass panels are light in weight and are practically 
hail-proof. In areas where hail is a hazard, this is a big advantage over 
glass. Ornamental foliage plants and orchids may grow better in a 
fiberglass greenhouse than in a glass greenhouse. Fiberglass is available 
in several colors, but only clear, transparent, or translucent grades 
should be used for greenhouse construction. Colored panels, however, 
are sometimes used to cover glass greenhouses for shading during the 
summer. Use better grades of fiberglass, many of which are guaranteed 
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A commercial fiberglass greenhouse attached to the home. Some plants, 
such as orchids and foliage plants, grow particularly well in fiberglass 
greenhouses. 
for as long as 15 years . Lower grades, which are relatively inexpensive, 
may become discolored and may lack durability. 
Some greenhouse manufacturing companies offer fiberglass green-
house models, designed along conventional greenhouse lines. Fiberglass 
can be used to cover most of the designs for which building plans are 
available (Table 2). 
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Table 1.- Home Greenhouse Manufacturers and Suppliers" 
Aluminum Greenhouses, Inc., 14615 Lorain Ave., Cleveland, Ohio 44111 
American-Moniger Greenhouse Mfg. Corp., 1820 Flushing Ave., Brooklyn, New 
York 11237 
Lord & Burnham, Irvington, New York 
Metropolitan Greenhouse Mfg. Co., 1851 Flushing Ave., Brooklyn, New York 
11237 
The Modern Greenhouse Mfg. Co., 2511 Jackson St. N.E., Minneapolis, Minne-
sota 55418 
National Greenhouse Company, Pana, Illinois 
J. A. Nearing Co., Inc., 4229 Bladensburg Rd., Brentwood, Maryland 
R. J. Nolan & Associates, .1309 Center St., Des Plaines, Illinois 
Pacific Coast Greenhouse Mfg. Co., 650 Bayshort Highway, Redwood City, 
California 
Redfern's Prefab Greenhouse Mfg. Co., 3482 Scotts Valley Drive, Santa Cruz, 
California 
Rough Brothers, 4229 Spring Grove Ave., Cincinnati, Ohio 45223 
W. S. Rough Sales Co., 115 Conley Circle, Bloomington, Illinois 
Stearns Greenhouses, 98 Taylor St., Neponset, Boston, Massachusetts 02122 
Stern's Nurseries Inc., Geneva, New York 
Sturdi-Built Mfg. Co., 11304 S.W. Boones Ferry Road, Portland, Oregon 
Texas Greenhouse Co., 2717 St. Louis Ave., Fort Worth, Texas 
Trox Mfg. Co., 18-20 Angell St., Battle Creek, Michigan 
Turner Greenhouses, Div. Turner Equip. Co., Inc., P. 0. Box 1260, Goldsboro, 
North Carolina 
Y oho and Hooker, 523 Williamson St., Youngstown, Ohio 
" Exclusion of a supplier from this list is not intended and no recommenda-
tion of any company is expressed or implied. Interested persons should obtain 
descriptive literature from several of the listed companies. 
Film Plastics 
Several kinds of thin film plastics can be used to cover greenhouses. 
These materials are cheaper than either glass or fiberglass and vary 
in cost and durability. Polyethylene, vinyl, and polyester film plastics 
are compared with fiberglass in Table 3. Film plastics can be used to 
cover many kinds of structures and several plans are available for 
construction of small hobby greenhouses (Table 2). 
Greenhouses made of ordinary lumber and covered with thin plastic 
films are temporary structures and probably will not last as long as 
glass or fiberglass greenhouses. They have the advantage of low cost, 
but considerable maintenance is required to keep them attractive and 
in good repair. Polyethylene must be replaced each year. During the 
recovering period the greenhouse is certainly not attractive or neat 
in appearance and its use is limited. 
Type 
Gothic rafter 
Rigid frame 
Quonset-shape 
A-frame 
Portable panel 
Portable 
Plywood arch 
Clear span 
Portable 
plywood arch 
Table 2. - Sou.rc- of Plan• for Sr:nall Lovv-Co•t Pla•tlc Oreenhou.-•• 
Size 
11'6" X 16' 
10' x 10'8" or 
10' X 15' 
11' X 11' 
8'6" X 12'7" 
9' X 12'4" 
5' X 7'8" 
8' x 12' sections 
6' x 12' sections 
14' or 16' x 8' 
sections 
8'6" X 12' 
Features 
Attractive, designed for either 
fiberglass or film plastic. 
Attractive, easy to build inex-
pensive structure, designed for 
semi-permanent plastics. 
Simple, inexpensive construction 
using commercial Porta Green 
units or curved galvanized pipes. 
Attractive, designed for fiberglass. 
Bolted unit construction for dis-
assembling. 
Bolted units make either hotbed 
or small greenhouse. 
With benches. 
Without benches. 
Large structure. Bulletin also in-
cludes discussion of glass con-
struction. 
Low cost arch design based on 
Oregon Plan 73. 
Source of information and plan 
An Estate-Type Greenhouse for Town and Country Use, 
Circular 892, Virginia Polytechnic Institute, Blacksburg, 
Virginia. 
A Simple Rigid Frame Greenhouse for Home Gardeners, 
Circular 880. Available from Information Office, 112 
Mumford Hall, University of Illinois, Urbana, Illinois. 
Department of Agricultural Engineering, University of 
Illinois, Urbana, Illinois. 
Home Greenhouse, Plan No. 210, Agricultural Engineer-
ing Department, University of Connecticut, Storrs, 
Connecticut. 
A Low Cost Portable Greenhouse, Texas Agricultural 
Progress 5(5): S-8, Sept.-Oct. 1959, Texas Agr. Exp. 
Sta., College Station, Texas. Plan also available from 
Union Carbide Corporation, Building Materials Depart-
ment, 6855 West 65th St., Chicago, Ill. 60638. 
Portable Greenhouse-Hotbed Combination, Building 
Plan 77, Agricultural Engineering Department, Oregon 
State University, Corvallis, Oregon. 
Plastic Covered Greenhouse, building plan 72 Agricul-
tural Engineering Department, Oregon State University, 
Corvallis, Oregon. 
Plastic Covered Greenhouse, building plan 73 Agricul-
tural Engineering Department, Oregon State University, 
Corvallis, Oregon. 
Small Greenhouses for Amateur Gardeners, PNW Bul-
letin 32, April, 1959. Available from Oregon State 
University, Corvallis, Oregon. 
Portable Plastic Greenhouse, USDA Plan 5946, De-
partment of Agricultural Engineering, University of 
Illinois, Urbana, Illinois. 
n Many different kinds of plastic greenhouses and plans are available. For sources of plans and estimates of cost for large plastic greenhouses 
see University of Illinois , Circular 857, Plastic Greenhottses. Also see Table 1 for a list of greenhouse manufacturers and suppliers, many of which 
offer prefabricated plastic greenhouses. 
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Gothic rafter home greenhouse designed by the Virginia Polytechnic Insti-
tute. The greenhouse shown is covered with flat fiberglass, but it can also 
be covered with film plastics. 
Table 3- Comparisons of Different Plastic Materials for Covering Greenhousesa 
Plastic and Availableb Available Recommended 
approximate cost thickness width thickness Durability Notes per square foot 
Polyethylene 
Regular 1 to 10 mil 3 to 40 feet 4 or 6 mil, 3- 10 months Breaks down rapidly during the sum-
(0.4 to 2.0¢) outside layer; mer, deteriorating first where folded. ::r: 
2 or 4 mil, Unfolded rolls are available up to 14 0 ~ inside layer. feet wide. ttl 
UV-treated 2 to 4 mil 3 to 20 feet 4 mil 6- 12 months () ~ (0.6 to 1.4¢) ttl ttl 
Vinyl (PVC) 3 to 12 mil 4 to 6 feet 8 to 12 mil 2-4 years Becomes dirty easily. z ~ 
(3 to 10¢) (seamed to larger 0 c: 
widths) Ul ttl 
Mylar (Polyester)c 3 or 5 mil 36 to 52 inches 5 mil 4-7 years Must apply correctly on rigid frame- Ul 
(13 to 15¢) work. 
Fiberglass 3/ 64 to 3/ 32 2 to 4 feet 3/ 64 to 3/32 5- 15 years Corrugated or flat available. Poor 
(20 to 50¢) inches inches or longer grades may discolor. Sheets 8 to 12 
feet long. 
n For more complete information, see University of Illinois Circular 857, Plastic Greenho~1ses. 
b 1 mil = 0.001 inch. 
c Registered trademark for DuPont polyester film, Type W. 
...... 
w 
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A small "Porta-Green" pipe frame greenhouse attached to the home. Water 
and electricity are readily available through the basement window. A two-
foot deep walkway down the center provides ample head room in the low 
structure. 
Building Your Own Greenhouse 
Step-by-step assembly and building instructions accompany com-
mercial prefabricated glass or plastic greenhouses. These units, when 
completely pre-cut, are relatively easy to construct and require com-
monly used tools. Most of the plans for plastic greenhouses listed 
in Table 2 · give detailed construction tips. 1 However, consideration 
should be given to the foundation, sidewall height, floors or walks, and 
benches. 
Foundations 
Glass or fiberglass greenhouses should have permanent foundations. 
Manufacturers of prefabricated greenhouses will supply plans and 
suggestions for foundation construction. Concrete or concrete blocks 
are commonly used for building foundations. Brick, concrete blocks, 
stone, redwood, and asbestos board are excellent sidewall materials. 
If possible, select a building material that will blend with that of the 
home, particularly if the greenhouse is to be attached. The foundation 
should extend below the frost line. The height of the foundation and 
non-glass portion of the sidewall should not be higher than benches 
inside the greenhouse or not higher than 10 to 15 inches if plants are 
1 For further discussion on construction of plastic greenhouses, see University 
of Illinois Circular 857, Plastic Greenhouses. 
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Prefabricated glass greenhouses can be easily built by the "do-it-yourself'' 
gardener. Step-by-step instructions come with units such as the lean-to 
shown above. First a sturdy foundation and sidewall must be built. This is 
followed by the erection of the aluminum framing and installation of glass. 
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Low cost, attractive design, and simple construction, are features of this 
lumber rigid frame plastic greenhouse designed at the University of Illinois. 
to be grown either on the ground (potted) or in ground beds. Many 
glass greenhouses are designed to be erected on 24- to 36-inch masonry 
or wood walls. Glass-to-ground greenhouses are slightly more expen-
sive to heat, but provide more growing space under benches. 
The foundations specified in some plastic greenhouse plans are 
simple treated posts set 3 feet in soil or in concrete. Such foundations, 
although adequate, should be considered temporary and will probably 
have to be replaced within a few years. 
All attached greenhouses should have solid foundations to prevent 
separation from the adjacent building and damage that can be caused 
by "heaving" of the ground during the winter. 
Floors and Walks 
A permanent floor is not necessary and may be undesirable, unless 
the greenhouse is attached to the home as a solarium or sunroom. A 
center walk or aisle between benches can be added after the green-
house is built. The walks can be made of poured concrete, stepping 
stones, flagstones, or bricks -laid in sand. A wide walk 24 to 36 inches 
wide can be built if space for several persons in the greenhouse at one 
time is desired; however, useful growing space is sacrificed. Crushed 
rock or pebbles can be effectively used to cover the ground under 
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benches, to drain off excess water, and to provide humidity. Walks 
should be raised and sloped to allow quick run-off of water. 
Benches and Work Area 
Most gardeners install benches for convenience m working and 
tending plants in the greenhouse. The type of bench to be built will 
depend somewhat on its use. Generally, plant benches are sided to 
contain soil or gravel. Provision should always be made to insure good 
drainage. Bench height should be approximately 30 to 32 inches. 
Benches are usually constructed of cypress, redwood, or asbestos board, 
although locally available lumber can be used if treated with a suitable 
wood preservative, such as copper naphthenate. Never use creosote or 
pentachlorophenol in the greenhouse. Benches are best supported by 
strong rot-proof members, such as galvanized pipe frames, concrete 
blocks, concrete piers, or rot-resisting redwood or treated wood mem-
bers. Benches should be arranged to make efficient use of greenhouse 
space. Prefabricated benches are available from many greenhouse 
supply companies. 
A well-planned work area for potting, transplanting, seeding, and 
storage is important in the greenhouse operation. This area may be 
located in a garage or special shed attached to the north end of the 
greenhouse. If the work area is to be in the greenhouse itself, it is well 
to locate it in the north end. Items to consider are storage for small 
tools, insecticides, potting soil, fungicides, fertilizers, pots, waste cans, 
watering can, note paper, stakes, and pencils. There should be a work-
bench and running water. 
A headhouse or attached work room is convenient for storage of tools and 
provides a good location for the furnace. It should be attached to the north 
or west end of the greenhouse. 
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Heating 
For year-round use, greenhouses must be heated during several 
fall, winter, and spring months, in Illinois. Installation of an adequate 
heating system is one of the most important steps to successful green-
house gardening. Although installation will probably be fairly expen-
sive, heating costs for fuel are not likely to be excessively high. A 
small greenhouse can be heated for $30 to $100 per year depending on 
greenhouse size, plants grown, and type of heating system. 
Plants to Be Grown 
Plants have rather definite temperature requirements for optimum 
growth. For our purposes plants might be put into two general groups: 
those which grow best in a cool greenhouse (night temperature of 
50° F.); and those which grow best in a warm greenhouse (night 
temperature of 60° F.). Daytime temperatures are usually maintained 
10° to 15° higher than the night temperature, and somewhat lower on 
cloudy days than when there is full sunlight. During the day the sun 
helps warm the greenhouse; and in summer, some form of cooling or 
forced ventilation will be beneficial to most crops. Certain plants which 
you may want to grow will do better at temperatures below or above 
the night temperature levels given here. One or more of the references 
listed on pages 30-31 will provide you with the necessary information 
about the growing of greenhouse plants, including recommended tem-
peratures. The following lists of plants can be used as a general 
guide to planning a new greenhouse. 
Some plants that grow best in cool greenhouse temperatures are: 
aster, azalea, beet, calendula, daisy, camellia, carnation, carrot, ciner-
aria, cyclamen, cymbidium orchid, English ivy, gladiolus, lettuce, 
pansy, parsley, primrose, radish, snapdragon, stock, sweet pea, and 
many annual bedding plants. 
Some plants that grow best in warm greenhouse temperatures are: 
African violet, amaryllis, begonia, caladium, calla, cattleya orchid, 
Christmas cactus, chrysanthemum, coleus, daffodil, gardenia, geranium, 
gloxinia, hyacinth, lily, philodendron, poinsettia, rose, tomato, and tulip. 
Most foliage plants of tropical origin grow best at night temperatures 
of 70° to 75o F., and under high humidity conditions. 
Partitions are available at reasonable cost for dividing a greenhouse 
into two or more compartments or sections. With proper heating equip-
ment, both cool and warm compartments can be operated very satis-
factorily. 
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Size of Heater 
The size of heater or heat (BTU) output needed depends on 
several factors which may differ for each particular greenhouse. The 
lowest expected outside temperature, the minimum inside temperature 
desired, and greenhouse surface area must be considered in determining 
heat requirements. In addition, exposure to winds, double layering, 
height of sidewalls, and attachment to heated buildings will influence 
heat loss. In general, a heat loss of 1.2 BTU's per hour for each degree 
of temperature differential (inside and outside temperature difference) 
per square foot of exposed surface seems to provide sufficient margin 
for most greenhouses. Greenhouse heating requirements for most 
temperature conditions in Illinois can easily be calculated from Table 4. 
For a particular greenhouse, any greenhouse supply company will be 
glad to determine the specific heat loss and correct size of heater. 
Extension of Home Heating System 
If the furnace has sufficient capacity, the home heating system 
sometimes can be extended to heat an attached greenhouse. An addi-
tional zone for heating a greenhouse is relatively easy to install and to 
control with hot water systems. For hot air systems, warm and cold 
air ducts can be extended into the greenhouse. Warm air can be 
provided to the greenhouse independently of the home with motorized 
dampers in the duct system that are controlled by a thermostat in the 
greenhouse. Extension of a home heating system is generally a job for 
a heating contractor. 
Table 4.- H eat Requirements for Greenhousesa 
Minimum 
inside 
temperature 
desired 
BTU's required per hour per square foot 
of exposed surface, when lowest outside 
temperature is 
OF 
50. . .. . . ... . ........ . ....... . 36 
55 .. . ... .. ............ . .... . . "42 
60 . .. . .. . . .... .. ... . . .. ...... 48 
65 . . . . .... ... . .. ... . .... . .... 54 
70 .. . . . ................ . . . 60 
48 
54 
60 
66 
72 
(BTU's) 
60 72 
66 78 
72 84 
78 90 
84 96 
84 
90 
96 
102 
108 
a To calculate the total heat r equirement for a greenhouse, multiply the BTU's required 
per square foot (from the table) times the total square feet of exposed greenhouse surface. 
Therefore, to maintain a 50° F. temperature inside a 10' x 17' greenhouse with 584 square 
feet of exposed wall and roof surface when the outside temperature is 0° F., a heater with 
an output of 35,000 BTU's is required. 
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A small electric space heater equipped with a fan and thermostat. Two or 
more such units may be necessary depending on the size of the greenhouse. 
The capacity of the home furnace should be carefully determined, 
because the BTU capacity is usually sufficient to heat only the home. 
In some instances, supplementary electric or space unit heaters can be 
used in addition to an extension of the system from the home. 
Types of Heaters 
There are many types of heaters and heating systems that are 
satisfactory for small greenhouses if the home heating system cannot 
be used to furnish heat. The best heating system will depend on size 
of the greenhouse, fuel available, economy of operation, and possible 
initial cost. 
The kind of fuel must be carefully considered in planning the heat-
ing system. Electricity, bottled gas, natural gas, oil, or coal may be 
used as fuel, depending on local availability and cost. 
Space and Unit Heaters 
Electric heating is clean and efficient. It is also inexpensive and easy 
to install. Electric heaters can be used to economically heat small green-
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houses where electric rates are low, or where the climate is moderate as 
in southern Illinois. In northern Illinois, electric heaters can be useful 
for heating cool greenhouses or to provide supplemental heat during 
extremely cold weather. 
Electric heaters should have a built-in thermostat and an air circu-
lation fan. Sizes usually range from 1 to 4 kilowatts (approximately 
3,400 to 13,600 BTU output). Electric heaters should be connected 
directly to the fuse box by adequately-sized 220 volt branch circuits. 
Gas or oil space heaters must be vented to prevent injury from the 
products of combustion. Some heaters are designed for installation 
through a masonry wall and can be used to advantage since little space 
and no chimney vent are required. One or two space heaters may be 
more economical to install than one large furnace or boiler. The choice 
of fuel may depend on the type of heating system in the residence or 
local availability. Space heaters without fans for circulation of the 
warmed air are not recommended as heat distribution in the greenhouse 
is usually unsatisfactory. 
A lean-to greenhouse heated with a gas-fired heater installed through the 
side wall. The jalousie vents and top ventilator are shown in open positions. 
The plants are growing in an asbestos cement bench. Corrugated fiberglass 
panels are installed for shading. 
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Unit heaters which are designed to be suspended over benches or 
in the peak of the greenhouse circulate warmed air either horizontally 
or vertically. One unit heater of the proper size usually is sufficient to 
heat a small greenhouse. Gas-fired unit heaters are relatively inexpen-
sive to install. Unit heaters may also consist of steam or hot water coils 
with a fan to distribute the warm air. In this case the heater would be 
used as part of a hot water or steam boiler heating system. 
Convection Heaters 
Vented convection heaters are inexpensive to install and usually 
burn either natural or bottled gas as fuel. The heaters are vented 
through sealed 4- or 6-inch stovepipe arranged around the perimeter 
of the greenhouse. As the products of combustion are vented, heat is 
convected from the stovepipe to warm the greenhouse air. Such heaters 
can be used satisfactorily, although circulation of heat is not as good 
as with heaters equipped with fans for air circulation. 
Forced Warm-Air Heaters 
The same type of forced warm-air furnace used to heat homes can 
be used to heat greenhouses. To conserve greenhouse space, a forced 
warm-air furnace might be installed in the basement or in the garage 
and the heat distributed into an attached greenhouse by ducts. Some 
warm-air heaters are horizontally designed and are small enough to fit 
under a bench. Ducts should also be used for best heat distribution 
in larger greenhouses. Forced warm-air heat is superior to convected 
heat because it provides more uniform temperatures and lower humid-
ity. As a result, less condensation of moisture and fewer diseases are 
likely to occur. 
Boilers 
Small packaged hot water or steam boilers, although expensive, are 
probably the most satisfactory type of heating system for greenhouses 
operated throughout the year. An advantage of steam is that it can 
also be used to sterilize greenhouse soil. Hot water systems, on the 
other hand, are more flexible as two or more temperature zones can 
be more easily installed. Heat is distributed in the greenhouse by 
means of iron pipe, fin tube radiators, or unit heaters. Virtually no 
usable greenhouse space is lost if the boiler is located in an attached 
building. The iron piping or fin tubes are usually arranged around the 
outside wall or under benches. 
Heating Hints 
Select a furnace that will be automatic in operation and as trouble-
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This greenhouse is heated with a gas-fired horizontal unit heater. Similar 
units designed for overhead installation are available in many sizes. Note 
the protection of the thermostat from direct sun. The shelf along the eave 
increases growing space. 
An overhead vertical blow-
ing unit heater which is 
used in combination with 
a steam or hot water 
boiler. 
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A forced warm-air residential furnace installed in a large plastic greenhouse. 
To conserve space, the furnace could be located in an attached building or 
a horizontal furnace could be installed under a bench. 
free as possible. Buy a heater large enough to adequately heat the 
greenhouse. Often it is wise to select a heater with a capacity that 
affords a comfortable safety margin. Remember that a windy location 
will result in a greater heat load. Also, consider the heat that will be 
needed for possible future additions to the greenhouse, for an attached 
workroom, or for higher greenhouse temperatures that may later be 
wanted for special plants. Take precautions when using gas heaters. 
Drafts, either through roof sash ventilators or through a building 
attached to the greenhouse, can cause a downdraft in the heater chim-
ney. This can result in the distribution into the greenhouse or home of 
fumes that are damaging or poisonous to plants, animals, or humans. 
For that reason, automatic roof ventilators should be installed which 
will close the vents when the heater is operating. Also, doors and 
windows between the home and greenhouse should be kept closed dur-
ing the heating season. 
Gas or oil heaters must be properly vented. Be sure to provide for 
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enough fresh air for complete combustion. Natural or bottled LP gas 
fuels are commonly used. Do not use manufactured gas, as it is very 
injurious to plants. For safety, select heaters with adequate controls 
such as safety pilots and a gas shut-off switch. Also, it is wise to check 
the height and position of the chimney with a heating specialist. 
Regulating Temperature 
Heaters are best controlled by an accurate remote thermostat to 
control greenhouse temperatures. Locate the thermostat conveniently 
at plant growing level as the temperature can vary greatly at different 
heights in the greenhouse. Extra thermometers positioned throughout 
the greenhouse provide a good check on the thermostat and on distri-
bution of heat. Both thermostats and thermometers should be partially 
covered to shade them from the sun's rays. A minimum-maximum 
thermometer will record the daily variations in greenhouse tempera-
tures. A temperature alarm to warn of dangerously low temperatures 
ends worry and can provide time to correct a failure in the heating 
system. 
A thermostatically controlled electric heating cable will warm soil and pro-
mote seed germination. The soil has been partially removed to show the 
cable. 
26 CIRCULAR 879 
Heating Cables 
Electric heating cables can be very useful for warming soil to 
promote seed germination and the rooting of cuttings, or improve 
growth of certain plants. Heating cables are available in many lengths 
(which should not be altered) for either 110 or 220 volt electricity. 
Inexpensive plastic-coated wire cables with built-in 70° thermostats 
are satisfactory. However, for a range of temperatures that can be 
closely controlled, a heavy-duty, lead-covered cable with a regulating 
thermostat is recommended. Heating cables may be installed in portable 
wooden flats, in a bench, or in a layer of sand or gravel on which flats 
or pots are to be placed. Heating cables are not of course used for 
actual greenhouse heating. 
Ventilation 
The purposes of ventilation are to exchange inside air, and to 
partially control high temperatures. Adequate ventilation is essential 
for healthy plant growth. An automatically controlled ventilating 
system, even though an added expense, is recommended for small home 
greenhouses. 
Ridge Vents 
Use of ridge vents is the conventional method of ventilating green-
houses. Opening the ridge vent permits exchange of air, since hot air 
accumulated in the peak will flow from the greenhouse. It is desirable 
to locate the greenhouse perpendicular to prevailing winds to provide 
flexibility for operation of ridge vents. For lean-to houses or where 
only one ridge vent is installed, it is desirable to place the vent on the 
side away from the prevailing winds. Otherwise, cold air will blow 
directly on the plants during winter-time ventilation. 
Automatically controlled vents are recommended when the green-
house cannot be tended throughout the day or when an automatic gas 
heater is used as a source of heat. Actually, automatic ventilators are 
well worth their cost as they eliminate the frequent attention required 
for manual operation. 
Side Vents and Doors 
Side vents permit entrance of cool, outside air while the warm 
greenhouse air is escaping from the ridge vents. Small foundation vents 
installed through the side wall will bring in air under the benches so 
cold drafts do not blow directly on the plants. 
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Jalousie vents in the side or end walls can often be used to ad-
vantage. They are attractive and may be used to permit cross-
ventilation opposite a door opening or in combination with fan 
ventilation. 
In small greenhouses, the door should be considered an important 
part of the ventilation system. If the vents are screened to keep out 
insects and birds, also consider using a screened storm door for 
ventilation. 
Fans 
Aside from automatic ventilators, the most convenient way of 
ventilating is by thermostatically-controlled exhaust fans. Fans provide 
positive ventilation and are practical in both small and large houses to 
exchange inside air. Exhaust fans should be sufficiently large to ex-
change inside air every minute during warm weather. A glass jalousie 
or gravity-louver may be used for intake of air. Motorized intake 
louvers are recommended when the fan is thermostatically controlled. 
Fans minimize the "drip problem" of condensation droplets in plastic 
or fiberglass greenhouses. Two-speed fan motors are desirable for 
winter ventilation. 
Cooling 
Some form of cooling of the greenhouse, beyond adequate ventila-
tion, is decidedly beneficial during the summer. Not only will most 
plants grow better, but working in the greenhouse is more enjoyable. 
Shading 
Since the greenhouse traps heat from the sun, shading to reduce 
incoming light will help reduce the inside temperature. Often, shading, 
plus evaporation of moisture from wet soil or from a humidifier, will 
lower greenhouse tern per a tures 10 o to 1 5o. 
Specially formulated compounds which may be sprayed or painted 
on the glass will provide shading. Use shading materials recom-
mended safe for particular types of greenhouse construction. For 
example, never use compounds containing lime on aluminum structures. 
Most greenhouse companies offer roll-up wooden shades, aluminum 
slat shades, or fiberglass shading panels, all of which attach to the 
outside of the greenhouse roof. Also, a plastic screen covering can be 
effectively used to partially shade small greenhouses. Generally, inten-
sity of summer sunlight is in excess of plant needs and thus shading 
does not reduce growth. 
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Exhaust fans installed in a small plastic greenhouse (flat fiberglass) and a 
small glass greenhouse. In the glass greenhouse, note the use of a motorized 
jalousie vent. Both the fan and jalousie vent are thermostatically controlled 
for automatic operation. 
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Wooden slat roll-up shades installed on the outside of a curved-eave green-
house. For additional cooling note the use of an evaporative cooling unit 
installed outside the greenhouse. A fan continuously draws cool air through 
wet pads into the greenhouse. 
Air Conditioning 
Some form of air conditioning should be installed to grow cool 
greenhouse plants or for optimum growth of many warm greenhouse 
plants during the summer. 
The only practical means to air condition greenhouses is by evapora-
tive cooling which can effectively lower inside temperatures 15 o to 25 o 
below the outdoor temperatures. Warm air is cooled by evaporation 
as it is drawn through wet filter pads by a strong fan or blower. 
Compressor-type air conditioners, such as used in homes, are not 
practical for cooling greenhouses. 
For small greenhouses, small self-contained coolers may be installed 
outside the greenhouse. For larger greenhouses, a pad assembly built 
into the wall opposite large exhaust fans is more practical. With either 
method, the fan or blower may be operated for ventilation without 
evaporative cooling. 
Humidification 
Many plants, such as tropical foliage plants and orchids, grow best 
at relatively high humidities. For these special purposes automatic 
unit humidifiers are available from greenhouse supply companies. Some 
may be operated manually but automatic controls are preferred. Fre-
quent watering of crushed rock under benches and wetting of walks is 
the most inexpensive method of increasing humidity in the greenhouse. 
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Publications for Greenhouse Gardeners 
Books 
The following books are suitable for the home gardener who is seeking 
simple and basic information about the construction of home greenhouses 
and growing of greenhouse plants. 
Beneath the Greenhouse R oof, Charles H. Potter, Criterion Books, New York, 
1957. 
The Complete Book of Greenhouse Gardening, Rebecca Northern and Henry T. 
Northern, Ronald Press Co., New York, 1956. 
Electric Gardening, P ub. No. 63-33, Edison Electric Institute, 750 Third Avenue, 
New York, N.Y. 10017 
Garden in Your House, Ernesta Drinker Ballard, Harper & Bros., New York, 
1958. 
Gardening in a Small Greenhouse, Mary Noble and J. L. Merkel, Van Nostrand 
Co., Princeton, 1956. 
Greenhouse Gardening Around the Year, Marion Dulles, Macmillan, New York, 
1956. 
Greenhouse Gardening as a H abby, James Underwood Crockett, Doubleday, 
Garden City, New York, 1961. 
Greenhouse Handbook for the Amateur, James Underwood Crockett (editor), 
Brooklyn Botanic Garden, Brooklyn, N .Y., 1963. 
Home Orchid Growing, Rebecca Northern, Van Nostrand Co., Princeton, 1962. 
f-1 ow to Grow Rare Greenhouse Plants, Ernest Chabot, M. Barrows and Co., New 
York, 1952. 
How to Make Money From Your Home Greenhouse, Peggie Schulz, Van 
Nostrand Co., Princeton, 1959. 
Miniature Plants for Hon1-e and Greenhouse, Elvin McDonald, Van Nostrand 
Co., Princeton, 1962. 
The New Greenhouse Gardening for Everyone, Ernest Chabot, M. Barrows and 
Co., New York, 1955. 
Plants Indoors- Their Selection, Care, and Use in Decoration, Mary Noble 
and J. L. Merkel, Van Nostrand Co., New York, 1954. 
P1'opagating House Plants fo1' Amateur and Commercial Use, Arno and Irene 
N ehrling, Hearthside Press, Inc., New York, 1962. 
The World Book of House Plants, Elvin McDonald, The World Publishing Co., 
Cleveland and New York, 1963. 
The following books are fo r the advanced gardener. 
The Ball Red Book, Vic Ball (editor), Geo. J. Ball, Inc., West Chicago, Ill., lOth 
ed., 1960. 
Commercial Flower Forcing, Alex Laurie, D. C. Kiplinger, and Kennard S. 
Nelson, McGraw-Hill Book Co., Inc., New York, 6th ed., 1958. 
Florist Crop Production and Marketing, Kenneth Post, Orange Judd Publishing 
Co., Inc., 1949. 
These books are for the gardener interested in the study of plant diseases. 
Diseases of Ornamental Plants, Junius L. Forsberg, University of Illinois, 
College of Agriculture, Special Publication No. 3. 
How to C antral Plant Diseases in Home and Garden, 'lalcolm C. Shurtleff. 
Iowa State University Press, Ames, Iowa, 1962. 
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Circulars and Pamphlets 
The circulars listed below may be obtained from the Agricultural Infor-
mation Office, 112 Mumford Hall, University of Illinois, Urbana. (Single 
copies free.) 
C 695- African violets in the home. 24 p. 
C 793- Soil sterilization methods for the indoor gardener. 8 p. 
C 796- An easy method for germinating flower seeds. 12 p. 
C 801- Flowering gift plants: their care and how to rebloom them. 56 p. 
C 817- Plant breeding as a hobby. 32 p. 
C 844- Hydroponics as a hobby : growing plants without soil. 16 p. 
C 857- Plastic greenhouses. 32 p. 
The following publications may be obtained from the Office of Informa-
tion, U. S. Department of Agriculture, Washington 25, D. C. 
G 67- Insects and Related Pests of House Plants : How to Control. 16 pp. 
G 80- Home Propagation of Ornamental Trees and Shrubs. 12 pp. 
G 82- Selecting and Growing House P lants. 32 pp. 
G 91 -Growing Flowering Annuals. 21 pp. 
AB 237- Controlling Insects on Flowers. 80 pp. 
Many other leaflets and pamphlets are available from the Department of 
Horticulture, 124 Mumford Hall, University of Illinois, Urbana. 
Magazine 
The following magazine is devoted exclusively to the interests of the 
home gardener. 
Under Glass. P.O. Box 114, Irvington, N.Y. 
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APPROXIMATE COSTS FOR HOME GREENHOUSES AND ACCESSORIESa 
Item 
Superstructure 
Aluminum 
Glass ... ........... . ..... . . . ........ .. .... . 
Fiberglass . . ... . ................ . .... . ..... . 
Redwood 
Glass ....... . .................... . . ...... . . 
Fiberglass ..... . .... . .. , . .... ........ . ..... . 
Local Lumber 
Polyethylene . . . .. .. ... . ... . ............... . 
Mylar . .......... . ...... . ... . .... . . . ... .. . . 
Fiberglass . ... ...... .. . .. . 
Foundation 
12-inch wall with piers .. ......... . ............ . 
Footing to frost line and 26-inch sidewall . ...... . . 
Benches 
Asbestos cement .. ........................... . 
Redwood .... .... ... ... .. ......... . .... .... . 
Heating 
Convection heater . . ... ........ . .............. . 
Electric heater ... ... . ... . .. . .. ..... . . .. . .... . . 
Gas unit heater .................. . ... .. ..... . . 
Farced warm -air furnace . . . . . .... .. . .... . . . . . . 
Hot water boiler . ..... . .. . ............. ... . . . . 
Ventilation 
Automatic ventilator . ....................... . . 
Automatic fan .... .. . . . ...................... . 
Jalousie vent . ..... ... .... ... ........ . . . ..... . 
Foundation vent . . .... .. . . .. ........ . ..... . .. . 
Cooling 
Unit cooler .. . .... ..... . . ....... .. ..... .. .... . 
Miscellaneous 
H umidifier .. .. .. ...... .. ....... ... . ....... .. . 
Thermostat ................ . . . .............. . 
Temperature alarm ..... ....... .. . . .......... . 
Thermometer ..... . .......... .. .... . ......... . 
Heating cable (for 3' x 12' bench) ... . .......... . 
Even-span Lean-to 
Greenhouse Greenhouse 
(10' X 16') (6' X 16') 
$750- 1000 $500-800 
800- 1000 
$450-500 $250- 300 
500- 600 
.$ 50- 100 $ 40- 80 
125- 150 75- 125 
250- 350 150- 250 
$ 60-80 $ 40-60 
200-275 150-200 
$200-300 $100- 125 
125- 175 75-100 
$100-150 $100- 150 
150- 200 
125- 250 100- 150 
225- 325 
600- 800 
$ 75- 100 $ 75- 100 
100- 175 75- 125 
25-30 25-30 
30- 35 30- 35 
$200- 250 $150- 200 
$ 75- 150 $ 75- 150 
20-25 20- 25 
25- 30 25- 30 
3- 10 3-10 
20- 40 20- 40 
n These costs represent average ranges and are intended only as a guide. The sizes used 
for examples may differ slightly according to the manufacturer. The prices can easily vary 
from the indicated range depending on design and size of structure. Generally, prices per 
square foot of ground area covered go down as greenhouse size increases. 
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